In the Great East Japan (Tohoku) Earthquake which occurred on March 11, 2011, strong ground motions were observed in an extensive area from the Tohoku regions to the Kanto region with unprecedentedly strong tremors felt at high-rise buildings located in the Tokyo metropolitan area. However, because the shaking of the earthquake observed in the Tokyo metropolitan area was smaller than the estimated scenario ground motions caused by earthquakes occurring directly beneath the area and the Tokai-Tonankai earthquake, those estimated earthquakes may cause major damages in the area. In order to reduce such damages, this report aims at outlining ground motions and damages of a high-rise building caused by the Great East Japan Earthquake, and at being of use in taking measures of seismic disasters. For this purpose, this report investigates a record of observation and damages caused on the day of the earthquake, a survey conducted after the earthquake with the focus on the high-rise building of the campus of Kogakuin University located in the Tokyo metropolitan area.
Introduction
In recent years, a large number of towering architectural structures, high-rise buildings and skyscraper condominiums, have been constructed in densely populated metropolitan areas. However, many of those buildings, which have been built for less than 30 years, have not experienced major ground motions. Seismic damage, therefore, which differs from the one on existing buildings, may be inflicted on high-rise buildings. For example, high-rise buildings are susceptible to long-period ground motions, since they have a longer natural period than general buildings. In the mid Niigata prefecture earthquake in 2004, a high-rise building located in Roppongi, Minato Ward, Tokyo, was widely oscillated due to long-period earthquake ground motions, which resulted in the snapping of an elevator cable 1) , 2) . In the western Tottori prefecture Earthquake in 2000, towering buildings in the Tokyo metropolitan area were also quaked due to long-period earthquake ground motions, and people in those buildings had a sense of sea sickness. Thus, with assumption that directly-beneath earthquakes and subduction-zone earthquakes may occur in the future, measures should be taken against damage to high-rise buildings due to longperiod ground motions caused by a subduction-zone earthquake as well as short-period ground motions by a directlybeneath earthquake.
Meanwhile, since the revision of the Fire Service Act in June 2009 3) , the Fire and Disaster Management Agency have conducted disaster prevention measures for a certain scale of high-rise buildings in addition to fire prevention measures with which it had been engaged. However, since major tremors had not been felt in high-rise buildings, the Agency could not conduct thorough measures based on estimation of actual damage, and disaster prevention managers failed to examine measures based on experience, either.
In the Great East Japan (Tohoku) Earthquake on March 11, 2011 , strong ground motions were also observed in the Tokyo metropolitan area, and inflicted various types of damage on many high-rise buildings in the area. Additionally, long-period ground motions which also occurred in the Kansai region, caused damage to a high-rise building located in Sakishima, Osaka City 4) . However, the strong ground motions of the earthquake observed in the Tokyo metropolitan area were smaller than estimated results of strong ground motions in the area caused by estimated directly-beneath and the Tokai-Tonankai earthquake. For this reason, the assumed earthquakes may cause greater damage than the Great East Japan Earthquake. It is thus necessary to organize information of damage to highrise buildings by the Great East Japan Earthquake and to make information available for measures against the scenario earthquakes. Surveys of damage to high-rise buildings by the Great East Japan Earthquake were conducted by Midorikawa et al. (2011) 5) , Hida and Nagano (2011) 6) , the Fire and Disaster Management Agency and others. Midorikawa et al. (2011) , and Hida and Nagano (2011) conducted research with focus on residence of high-rise buildings, and conducted surveys of information such as overturning and damage of furniture, and fear of tremors. However, surveys of high-rise buildings for office use, which were carried out solely by the Fire and Disaster Management Agency and by the Architectural Institute of Japan, have been hardly conducted with a limited number of surveys done with regard to records of observation and response to actual damage.
For the purpose of being of use for taking measures of disaster prevention and mitigation for high-rise buildings for office use, this report organizes information of ground motions and damage observed at the high-rise building of the Shinjuku Campus, Kogakuin University, and summarizes results of the survey of questionnaire intensity which was conducted after the earthquake.
2. Observation record and indoor damage at the high-rise building 2.1 Strong motion observation system at the Shinjuku Campus, Kogakuin University, and STEC office buildings
The Shinjuku Campus of Kogakuin University resides in one of twin high-rise buildings, which is located in Nishi-shinjuku, Shinjuku Ward, Tokyo. The university building of a steel framework with a height of approximately 143m and 29 floors (Kogakuin University), and an office building with a height of approximately 119m and 27 floors (STEC Building) 8) . Integrated from the first floor above the ground to the sixth underground floor, the buildings have about three seconds of the primary natural period and about one second of the secondary natural period. The university building constitutes a steel moment resisting frame structure with braces in the NS direction, and also a super frame on the 16 th and the 22 nd floors, which thus makes it different from other floors in floor height and rigidity 9) . In addition, a vibration control damper is not installed in the two buildings. Started to observe strong motions and wind in the two high-rise buildings since 1990, the system was upgraded to observe strong motions and wind in real time in August 2007. Red part of Figure 1 indicates location of the observation system. The strong motion observation system has so far recorded not only short-period ground motions from earthquakes such as the Earthquake under Northwestern Chiba Prefecture in 2005, but also long-period ground motions from earthquakes such as the Tokaido-oki earthquake in 2004 and the mid-Niigata prefecture earthquake in 2004. However, it could not record the data of the Noto hanto earthquake in 2007 and the Niigataken Chuetsu-oki Earthquake in 2007, because the system was being updated at those times.
The system successfully recorded strong motions in the two buildings, including the main shock, aftershocks, and foreshocks of the Great East Japan Earthquake 10) . The system, which keeps real-time observation, continued its record of tremors of the buildings from the day of the Great East Japan Earthquake to 12:00 of the next day. Since then, it has been continuing the observation record of earthquakes of the Japan Meteorological Agency ("JMA") magnitude 4.5 and over in the Kanto region, and those of magnitude 5 and over from Fukushima Prefecture to Aomori Prefecture with reference of the earthquake information provided by JMA. After being summarized, the data is published on the Web 11) . Figure 2 indicates the record of the main tremor in the NS direction which occurred at 14:46 on March 11, 2011, of the acceleration record of the Great East Japan Earthquake, and also shows that the record of the eighth floor was not normal due to the malfunction of the sensor. Thus, Tables 1 and 2 are listed to indicate the maximum acceleration and the maximum velocity based on the record which was not affected by the malfunction of the sensor among the data of the main tremor of the earthquake which occurred at 14:46 on March 11, 2011. Seismometers of EW and NS are located in the western part of the university building, and NS2 is located in the eastern part of the university building. While the existing seismometers were installed on the edge of the beam during the construction, the seismometer on the 24 th floor was newly established and kept record on the floor, which thus made the data greatly fluctuated up and down. It was therefore regarded as reference values. Based on the observation records, the instrumental seismic intensity was calculated as 4. . The instrumental seismic intensity of the floors without UD was calculated with the use of nearest records. Tables 1 and 2 , and the instrumental seismic intensity show that although the underground and first floors did not experience large tremors, the maximum acceleration, the maximum velocity, and the intensity were amplified as the floor height rose. In addition, Figure 3 , which indicates the record of the 29 th floor taken from Table  2 , shows small tremor was felt even on the upper floors until close to 200 seconds, indicating the higher mode tremor induced the small tremor even on the upper floors. After 200 seconds, due to the long-period earthquake motions, the waveform of the acceleration was not so dense, and its amplitude was large, which shows slow fluctuation in the acceleration.
For reference, Tables 3 and 4 indicate instrumental seismic intensities which were calculated from the maximum acceleration, the maximum velocity, the observation waveform of the main shock felt at the office building at 14:46, March 11, 2011 . Because the office and university buildings were built on the same foundation, and the seismograph is located in the university building, the observation record is not indicated in those tables. Super frames were not built in the office building, and there is a common area in the western part of the building, including an elevator hall, which makes a core of the building. This makes the building structure eccentric. Tables 3 and 4 show that the tremor was amplified at the office building as well in comparison from the lower floors to the upper floors, but the acceleration increased on the 15 th floor compared with the one on the 22 nd floor due to such factors as the higher mode. As also found in the instrumental seismic intensity which indicates intensity 5 upper and over on the eighth floor and over, and intensity 6 lower on the 28 th floor, the tremor amplitude is seen in almost the same way as the one of the university campus. Figure 4 shows comparison of the velocity response spectrum calculated from the record observed at Kogakuin University, the simulated ground motions of an earthquake occurring directly beneath the Tokyo Metropolitan Area 13) , and of the Tokai-Tonankai coupled earthquake 14) . The ground motions of the Tokai-Tonankai Earthquake in the figure is based on the source model of the Central Disaster Prevention Council held in 2003. Its waveform is calculated in accordance with the finite element method with a ground model of a vast area which covers the Osaka, Nobi and Kanto Plains, and indicates strong ground motion estimation for motions of a long period of two seconds and over, not including short-period components. Thus, the data is only used for comparison of the long-period components. Figure 4 shows that in comparison of the ground motion observed in the main shock of the Great East Japan Earthquake with the scenario earthquake, its tremor was smaller than that of an earthquake occurring directly beneath the Tokyo Metropolitan Area in the band of the short period of one second and below, and also that it was smaller than that of the scenario Tokai and Tonankai, Earthquake in an area of the long period of two seconds and over. In the next place, in comparison of the level-1 ground motion (an earthquake which occurs rarely) and the level-2 ground motion (an earthquake which extremely rarely) described in the amended Building Standards Law in 2000, the ground motion of the March 11 earthquake was at the period of approximately one second and over, slightly larger than level 1, but as large as level 2 or below level 2. From the above, the scenario earthquake may induce larger ground motions than those of the March 11 earthquake in case it occurs. Meanwhile, since the ground motion was slightly larger than level 1, major damage is assumed not to have been caused to the structural framework 15) also analytically confirms that no structural damage occurred. However, although there was no structural damage, it is assumed that there should have been some indoor damage with reference of the table explaining the JMA Seismic Intensity Scale 16) due to the seismic intensity 5 lower on the upper floors.
2.2 Indoor damage at the Shinjuku Campus, Kogakuin University
As described above, the Shinjuku Campus of Kogakuin University makes real-time observation of earthquakes, and has the system to estimate damage of buildings through the use of such data 17) . Although, with regard to safety of the buildings immediately after the earthquake, it is assumed that there should have been some indoor damage as shown in the orange color of the real-time earthquake observation system which indicates that intensity scale was large on the upper floors as indicated in Figure 5 , no structural damage was caused on the basis of the information which affirmed below 1/200 from displacement gained by integration of the acceleration data and the story drift which comes from the height of location of the seismograph. The university was then engaged in apprehending levels of damage, accommodating those in the buildings, and taking measures for people who were deprived of a means to go home due to the earthquake 18) . At this time, mainly staff of the facilities section conducted inspection of indoor damage in the buildings immediately after the earthquake, and completed its visual inspection at 16:15, March 11 ( Table 5 ). The authors of this report also recorded the state of the buildings and around the West Exit of the Shinjuku Station in the aftermath of the earthquake. In addition, a student, who noticed arrival of a larger tremor in receiving the emergency earthquake warning 19) , recorded the state of the 25 th floor using a video camera 20) immediately after the disaster. Fortunately, there was no casualty of the earthquake at the campus of Kogakuin University.
Below is description of levels of damage in the buildings immediately after the earthquake on the basis of the inspection results by the facilities section of Kogakuin University, and photos and others from surveys by faculty members and students. As shown in Figure 6 , the Shinjuku Campus of Kogakuin University consists of two wings, At the university building, the panels of the system ceilings were merely placed on the T-bars. The real-time strong motion observation system is only located in the high-rise wing.
Almost no damage was sustained in the medium-rise wing, but as shown in Table 5 and Photo 1, the joint part of the expansion joint fell off or moved. Photo 2 shows that in the library located on the second and third floors, there was no damage such as collapse, since the bookcases and other furniture were fixed, although some books fell off shelves. At the student cafeteria on the seventh floor, cooking utensil moved, and was broken.
As shown in Table 5 , there was no indoor damage all the way to the 13 th floor in the high-rise wing. However, some indoor damage was sustained on the 14 As shown in Photos 1 to 14, although no structural damage was caused to the high-rise buildings, there was indoor damage, including the falling of the ceilings, the toppling of shelves, and the movement of office equipment due to the large tremor on the upper floors. At a later date, a staff member who was at the conference room on the 28 th floor at the time of the earthquake said that it took a while for the ceiling to fall, and that the ceiling panel fell as though it slipped slowly. This indicates that since the ceiling panel did not fall immediately after the earthquake, but it took a while until it fell, action could have been taken to avoid danger of falling objects, which resulted in no injury. With regard to the collapse of partitions, since the partitions collapsed slowly after the disaster, some students could hold the partitions, which resulted in prevention of injury.
The falling and deflection of the ceiling panels were mostly found in places where the ceilings were restrained from shaking due to walls, partitions, and hanging smoke barriers as shown in Photos 3 to 6.
Examined below is response to damage, since there were the collapse of partitions, the toppling of unsecured shelves, and the deflection of ceilings in particular on the 24 th floor, and also the record of the earthquake observation was available on this floor. Figure 7 is a floor plan of the 24 th floor. As shown in Tables 1 and 2, on the 24 th floor, the motion on this floor was strong in the NS direction with the maximum acceleration of approximately 151cm/s 2 , the maximum velocity of approximately 58cm/s, and the intensity scale of 6 lower. The indoor situation described in the tables explaining the JMA Seismic Intensity Scale is that "many unsecured furniture moves and may topple over", which is consistent with the situation on the 24 th floor. In the next place, with an assumption that a shelf which fell was 210cm tall and 45cm wide, the boundary frequency Fb was 0.8Hz, the equivalent frequency was 0.41Hz, and the overturning ratio was approximately 40% in accordance with the research by Kaneko (2002) 21) . The overturning ratio which indicates four out of ten pieces of furniture may overturn cannot be directly compared with the actual situation where there were only two unsecured shelves on the 24 th floor, but the overturning ratio, which suggests furniture may overturn, can be almost consistent with the actual situation.
Furthermore, there was no casualty on the 24 th floor where there were about 15 people of faculty members and students at the time of the disaster, but by modelling the occupation ratio of the office furniture on the floor, and the secured furniture with reference of Kubo et al.(2010) 22) , it is estimated that almost all tall furniture and others would fall and that as a result, approximately two people would be injured due to the overturning of furniture in accordance with the research by Midorikawa and Saeki (1995) 23) . However, the actual situation was that almost all furniture was fixed, which resulted in no injury, and that no one was in a place where furniture was not fixed, which also resulted in no injury. As described above, the estimation that there would be injury is not true with the actual situation of no injury, but people could have been injured.
In cooperation of the building management company, damage to the ceiling of the office building was conducted from the first floor to the 27 th floor, including tenants, on March 17, 2011. The system ceiling was used in the office building, and hooks were attached to the ceiling material unlike those of the university building. Because of the hooks, although deflection of the material was found, almost no ceiling fell off. Since some hooks on one side of the ceiling material came off at the conference room, the ceiling could not follow the tremor, and then fell off.
3. Survey of questionnaire intensity in high-rise buildings 3.1 Conducting the survey of questionnaire for seismic intensity On response to the Great East Japan Earthquake on March 11, 2011, the survey of questionnaire for seismic intensity was carried out on July 22, 2011, for those who were at the Shinjuku Campus of Kogakuin University. With reference of the questionnaire survey by the JMA which was made based on Ohta et al. (1998) 24) , the questionnaire survey was carried out, while items regarding minor tremors and outdoors situations were excluded, and question items were corrected for the high-rise buildings. For example, since a kitchen was not located in the office building, there were changes made for the office building, including deletion of relevant description, and changes of wording. There are 18 questionnaire items, including behavior of furniture, books, and interior, and how they felt about the tremor. The questionnaire items are attached in the appendix. Since the questionnaire only targeted at those who were at the Shinjuku Campus on the day of the disaster, with confirmation that they were at the Shinjuku Campus on that day in the beginning of the questionnaire, they filled in the questionnaire on site, and it was collected immediately after the completion. Since the disaster occurred during the spring break of the university, there were 422 students and faculty members on campus, but most of the students were senior of the university or second-year of master students, so graduated in March, 2011. There were 144 valid respondents of students and faculty members out of all the respondents.
Taking into account that a high-rise building has a primary natural period of two seconds and longer, and that up to two seconds can be filtered for calculation of the instrumental seismic intensity, discussion in terms of seismic intensity is not always valid. However, since in reality, a large tremor was observed, and caused damage on upper floors, response to seismic intensity is examined below.
3.2 Results of the survey of the questionnaire for seismic intensity Figure 8 indicates the number of respondents gained in the survey of the questionnaire for seismic intensity conducted in July 2011 described above. As shown in Figure 8 , there were fewer respondents on the 11 th floor and below which are used as classrooms, but some responses were gained from floors where university staff were present, including the library and the career services office on the second floor. Responses were gained from cafeteria staff on the 7 th floor where the student cafeteria is located in the medium rise wing as described above. More responses were gained from university staff on the 12 th floors is that since the Faculty of Architecture, to which the authors belong, is located on these three floors, and is engaged in research on disaster prevention drills which Kogakuin University has conducted and on earthquake disasters, they had an awareness of disaster prevention and mitigation, and thus cooperated with the questionnaire survey. Figure 9 indicates attributes of answerers. On the one hand, this figure shows that many of the university staff were on campus because they were working as usual at the time of the disaster, and that the percentage of the university staff of all the respondents of the questionnaire was high, since they also were on campus when the survey was conducted. On the other hand, students who assumed to be on campus at the day of the disaster had already graduated from the university as described above, which resulted in a small number of answers gained from them. In addition, a few of the faculty members responded the survey, since most of them were not on campus at the time of the disaster or due to attendance of conferences meetings and other reasons when the survey was conducted, which thus resulted in a low ratio of the faculty members of all the respondents. As shown above, it is assumed that those who cooperated in answering the questionnaire, most of whom are university staff, are not experts on architecture or earthquake engineering.
The results of the survey are shown below with regard to questions 2 to 15 of the survey which are relevant to questionnaire intensities on the basis of Ohta et al. (1979) 26) . Since there are a few respondents on some floors as shown in Figure 8 Attribute shaken, the ratio is low for the slipping of secured furniture as shown in Figure 14 . This is because most furniture was secured at Kogakuin University, which did not result in slipping of furniture, though it was recognized that even secured furniture was shaken. Figure 15 shows whether furniture which moved during the earthquake was secured. Some furniture on the medium-rise floors was not secured, and moved during the quake, but on the low-rise and high-rise floors, even some secured furniture moved. This indicates that the furniture was jolted due to the tremor, and the inspection after the disaster confirmed that no secured furniture was overturned. Figure 16 shows the behavior of the office equipment with castors such as copy machines and wagons, and some kind of movement was found on all the floors from the low-rise to high-rise floors. Some equipment moved very violently particularly on the high-rise floors, and could have hit and caused injury to people. Some measures thus need to be taken with regard to such equipment with castors. Additionally, with regard to the shaking of the whole floor, Figure 17 shows the results of Question 7 on the shaking of the whole floor, and Figure 18 shows the results of Question 8 on the damage on the whole floor. Figures  17 and 18 shows that many people on the low-rise floors felt the intense shaking, but on the medium-rise and highrise floors, although many felt the intense shaking, some felt it was slow. Moreover, on almost all the floors, small cracks in the interior wall and the falling of things were observed. Many answered that they needed to be repaired, but this is because they witnessed the falling or deflection of the ceiling material. Questions from 9 to 12 were asked with regard to the perception about the motion, and the results are shown in Figures 19 to 22 . Figure 19 to 22 show that on all the floors, many people felt the tremor lasted long. As shown in the observation record in Figure 2 , the tremor lasted for approximately six minutes, and this length of the tremor affected the astonishment of the tremor and fear of the respondents. Additionally, the fear became strong on the medium-rise and high-rise floors. However, since many felt a bit frightened on the low-rise floors, a sense of fear depends on the situation of a floor which a respondent was on. Figure 20 shows that there were many responses for fast horizontal tremors and also for slow horizontal tremors. Fast horizontal tremors were felt due to a large acceleration from the 100 seconds to close to 200 seconds from the low-rise to high-rise floors as shown in the observation record of Figure 2 . Then, according to the record of the 29 th floor in Figure 2 , the tremor still continued even after 300 seconds due to the effect of the building response excited by the long-period motion. It is estimated that due to this factor, many remembered two types of horizontal tremors.
Questions 13 to 15 were asked about actions and responses at the time of the earthquake, and the results are shown in Figures 23 to 25 . Figure 23 of actions taken at the time of the disaster shows that they felt danger because of strong astonishment and fear indicated in Figures 21 and 22 , which then resulted in being able to think about their own safety. Additionally, Figures 24 and 25 show that most people felt the need to hold onto something secure on the low-rise, medium rise and high-rise floors. On the medium-rise and high-rise floor, they could not stand without holding onto something, which means that the oscillation was strong enough to cause difficulty in taking action. , showing hanging things were moving, but the plant pot on the rack or the extinguisher on the passage was not overturned. Photo 17 shows the laboratory on the 25 th floor where some lightweight things fell off a shelf but most other things did not fall, because the laboratory was organized. With examination of this along with the results of the questionnaire, the long tremor was felt on the high-rise floors, and things fell off shelves. However, the video, which showed the state of the plant pot and the extinguisher and the slow hitting of the panels, indicates that many books fell off the bookshelf due to a large, slow tremor caused by the long-period motion, not due to an intense tremor caused by the short-period motion. The author of this paper, who was on the sixth floor of the medium-rise wing at the time of the disaster, inspected the medium-rise and low-rise floors, observed the overturning of extinguishers on the passage located on the sixth floor of the medium-rise wing, and on the classroom floors of the low-rise floors. This is also consistent with the result of the analysis of the three-dimensional model made from structural calculation and other documents of the Shinjuku Campus, Kogakuin University, that a higher-mode strong tremor occurred 15) . 26) . Table 6 shows questions used in the survey of this report, questions, and seismic coefficients by Ohta et al. (1979) . As shown in Table 6 , there are originally 21 questions of seismic coefficients in Table 6 by Ohta et al. (1979) , and a coefficient is given to each. However, on this survey, changes were made in the number of questions asked in the questionnaire and the order of questions. With the choice of the questions of this survey which were corresponded to those of Ohta et al. (1979) , questionnaire intensity I Q was obtained by Equation (1) with the use of seismic coefficients indicated in Table 6 (1). β i (m) is a seismic intensity corresponding to m i , and is obtained from Table 6 . Since α is set for a low-rise building by Ohta et al. (1979) , and not for a high-rise building such as that of this paper, α is set as 1 in this equation. Equation (2) is then used to convert the questionnaire intensity, I Q , into the JMA's intensity scale, I JMA . 24) , there are almost no changes due to the result of the small questionnaire intensity. floor, the respondents were aware that damage was sustained by witnessing the collapse of the partitions and the overturning of the shelves as described above. As a result, the questionnaire intensity on the 24 th floor became large. On the other hand, on the 25 th floor, the respondents believed that little damage was caused on the basis of the fact that almost all the office furniture was secured, which resulted in no overturning of things and no falling of the plant pot and others as shown in Photos 15 to 17, while some books fell off the bookshelf. The questionnaire intensity was thus underestimated. On the 22 nd floor where only two responses were obtained so the data cannot be valid, the questionnaire intensity is almost the same as the instrumental intensity observed in the same manner as that of the 24 th floor. Because the survey results show the intense shaking, the moving of furniture and other situations, the questionnaire intensity became high, which resulted in almost the same figure as that of the observation record.
Comparison between damage to the high-rise building and the questionnaire survey
With the consideration of the observation record and actual damage gained on the Shinjuku Campus, Kogakuin University, and the results of questionnaire intensities, response to seismic intensity is examined below. However, according to the JMA, seismic intensities are calculated through the filter of observed waveforms, and instrumental intensities are calculated based on the waveform of a cycle of up to approximately two seconds from the filter. Thus, evaluation cannot be always appropriate based on discussion of the intensity calculated from a shorter cycle than the natural period, and of indoor damage of a high-rise building with a long natural period. However, in this paper, with the use of seismic intensity as an index to indicate indoor damage, instrumental intensities are calculated from the observation record to compare quantitative results, and indoor damage shown in photos and others is converted into a seismic intensity based on the table explaining the JMA Seismic Intensity Scale. Furthermore, in comparison with the intensity obtained from the questionnaire intensity survey, the damage to the high-rise building is discussed in this chapter.
The instrumental intensities from the observation record gained on the Shinjuku Campus, Kogakuin University, Tables 1 and 2 , which is a similar trend to the ground motions. Furthermore, the intensity scale cannot be calculated from the waveform due to the failure of the sensor in some direction, but the instrumental intensities are 5. With regard to indoor damage, on the low-rise floors, there was no overturning of the furniture or falling or deflection of the ceiling material due to factors such as the conventional ceiling used as the ceiling material and the use of a room as a classroom. The indoor situation on Table 7 shows that on intensity 5 lower to 5 upper which the low-rise floors experienced, "dishes in cupboards and items on bookshelves may fall", and "many unstable ornaments fall". However, as shown in Photo 2, only some books on the bookshelves fell, and on the 6 th floor where the author was staying, unstable PCs and file cases toppled over, but books on the bookshelves did not fall. Also, on the low-rise floors, the overturning of extinguishers was observed. The indoor situation on Table 4 says that on the medium-rise floors which experienced intensity 5 upper, that "dishes in cupboards and items on bookshelves are more likely to fall, and unsecured furniture may topple over". As shown in Photos 6 and 7, unsecured shelves fell, and the deflection of the ceiling and the falling of the ceiling material were observed. The indoor situation on Table  7 says that on the high-rise floors which experienced intensity 5 upper to 6 lower, "many unsecured furniture moves and may topple over". As shown in Photos 8, 9, and 14, the overturning of unsecured shelves, and the falling of a television and books were observed, but as shown in Photos 15 and 17, many things which were not even secured did not fall.
In comparison the survey of questionnaire intensity with human perception and reaction on Table 4 , on the lowrise floors which experienced intensity 5 lower, Table 7 says that "many people are frightened and feel the need to hold onto something stable", which is almost consistent with Figure 22 which shows that many felt "a little bit frightened", and Figure 24 which shows that many "felt the need to hold onto something stable". Moreover, on the medium-rise floors which experienced intensity 5 upper, Table 7 says that "many people find it difficult to walk without holding onto something stable". Figures 24 and 25 show that on the medium-rise floors, many people felt "difficult to stand without holding onto something stable", and were "disturbed, but could do things without trouble", which indicates that they had difficulty in doing something. This shows that it is consistent with Table 7 on the medium-rise floors as well. On the high-rise floors which experienced intensity 5 upper to 6 lower, Table 4 says that "it is difficult to remain standing". Figure 24 shows that people felt "the difficulty to stand without holding onto something stable" or "crawled", and Figure 25 shows that people increasingly "could not do things while standing", or "crawled". This shows consistency with the difficult situation to remain standing as in Table 7 Most unsecured furniture moves, and is more likely to topple over.
Wall tiles and windows are more likely to break and fall. Most unreinforced concreteblock walls collapse. 7 6.5≤I Most unsecured furniture moves and topples over, or may even be thrown through the air.
Wall tiles and windows are even more likely to break and fall.
Reinforced concrete-block walls may collapse. From the above, in comparison the intensity scales calculated from the observation record, the actual damage, and individual details of the survey of questionnaire intensity with Table 7 of the table explaining the JMA Seismic Intensity Scale, discussion points are summarized below.
 In a high-rise building as well, human perception and reaction are almost consistent with the indoor situation of the building shown in Table 7  The indoor situation on the low-rise and medium-rise buildings are almost consistent with the table explaining the JMA Seismic Intensity Scale, but on the high-rise floors which are affected by long-period ground motions, the falling of things from shelves was not generally observed, thereby being inconsistent in some part.  As described in section 3.2, in comparison with the survey of questionnaire intensity and the observation record, questionnaire intensities are underestimated in cases where falling of documents and unstable things or the overturning of shelves, which are mostly fixed, is not observed, thereby not reflected on the results of the survey of questionnaire intensity. This difference is probably caused by the fact that a survey of questionnaire intensity is established for mainly low-rise wooden houses.  A survey of questionnaire intensities is originally intended for housing, so responses of the survey are made in terms of individual indoor damage. However, in cases where a large number of people share a floor for office use or other purposes, many respondents answer questions with regard to the same indoor damage, which may cause a bias that many responses are made with regard to the same indoor damage. Therefore, in a case where a questionnaire intensity is used for a high-rise building which is mostly for office use the location of damage should be identified. In addition, the seismic coefficients given to responses need to be revised when an intensity scale is calculated on the basis of a questionnaire intensity, since securing of furniture in a building, the use of floors and indoor situations are different from those of general wooden houses.
Conclusion
This paper summarizes and reports the observation record obtained on the Shinjuku Campus, Kogakuin University, indoor damage, and the results of the survey of questionnaire intensity with regard to the state of the high-rise building at the time of the Great East Japan (Tohoku) Earthquake. Major damage and others were not incurred, because the shaking of the earthquake observed in the Tokyo metropolitan area was smaller than the estimated scenario ground motions caused by earthquakes occurring directly beneath the metropolitan area and the TokaiTonankai Earthquake. However, since this scale of the tremor caused a number of indoor damage in the high-rise building, it is necessary to summarize the data of this disaster, and to be of used as reference for scenario earthquakes in the future for a purpose of disaster prevention and mitigation. The obtained information was thus described and organized as much as possible.
As a result, with regard to the intensities calculated from the observation record, people's perception and reactions were found to be almost consistent with the intensity scale calculated from the observation record in accordance with the table explaining the JMA Seismic Intensity Scale and the results of the questionnaire intensity survey. Additionally, the indoor situations on the low-rise and medium rise floors are consistent with the table explaining the JMA Seismic Intensity Scale, but on the high-rise floors where the long-period ground motions were observed, the indoor situation differed from the low-rise and medium rise building, and may be different from the table explaining the JMA Seismic Intensity Scale and the results of the questionnaire intensity survey. Moreover, it is also found that the coefficients for responses which have been used were necessary to be revised when a questionnaire intensity survey is conducted for a high-rise building for office use, since securing of furniture or the use of floors are different from those of general houses. Finally, in this paper, examination was conducted with the use of intensity scales as an index which indicates indoor damage and others in a high-rise building as well, but since filters used for intensity calculation and a scale of a building to be examined are different from each other, discussion in terms of intensity scales are not necessarily valid. However, since the large tremor was actually observed even on the high-rise floors and caused damage, some kind of index is required with regard to damage to high-rise floors in the future.
